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ARITHMETIC OPERATION APPARATUS, 
INFORMATION PROCESSING APPARATUS, AND 

REGISTER FILE CONTROL METHOD 

BACKGROUND OF THE INVENTION 

[0001] 
[0002] The present invention relates to an art for making 
it possible to change the order in Which instructions are 
executed in an information processing apparatus With archi 
tecture having register WindoWs, Which information process 
ing apparatus employs the out-of-order instruction execution 
method. The changing in the order of instruction execution 
is performed, irrespectively of register WindoW sWitching. 

[0003] 2. Description of the Related Art 

1. Field of the Invention 

[0004] Some of previous information processing appara 
tuses (RISC: Reduced Instruction Set Computer) employing 
architecture of a reduced instruction set type, have more than 

one register set (hereinafter called “register WindoW”), 
thereby making it unnecessary to save/retum registers, 
caused at the time of calling/returning of a subroutine, on a 
memory stack. 

[0005] Register WindoWs are linked in a ring-like form, 
and their management is performed using register WindoW 
numbers (hereinafter called “WindoW numbers”). For 
example, eight register WindoWs With WindoW numbers 0 
through 7 are provided, and they are used in the order of 0, 
l, 2, . . . , 7. The number ofa Window in use is held in a 

register [hereinafter called “CWP” (Current WindoW 
Pointer)] for holding a WindoW number. 

[0006] FIG. 5 is a diagram shoWing a construction of a 
ring-like register ?le A. In this register ?le A, register 
WindoWs W0 through W7 are linked in a ring-like form With 
overlap there among. Each of the register WindoWs W0 
through W7 is formed by, for example, 32><64-bit registers. 
Of the 32 registers, eight registers (Global registers; not 
illustrated) are common to all the register WindoWs W0 
through W7. The 24 remaining registers are divided into 
three areas (“ins”, “locals”, and “outs” in the draWing) each 
including eight registers. 
[0007] That is, taking the register WindoW W0 as an 
example, eight registers W0ins of the left end overlap With 
the registers W7outs of the previous register WindoW W7 
and are common therebetWeen (that is, the registers W0ins 
also functions as the registers W7outs). Further, the eight 
middle registers W0locals do not overlap With any registers, 
and hold data of their oWn. Eight registers W0outs of the 
right end and the registers W1ins of the subsequent register 
WindoW W1 are common to each other. In this instance, as 
in the case of the register WindoW W0, in the register 
WindoWs W1 through W7, eight registers of the ins register 
WindoW and eight registers of the previous outs register 
WindoW are common to each other; the eight middle regis 
ters do not overlap With any registers and hold data of their 
oWn; eight registers of the outs register WindoW and eight 
registers of the subsequent ins register WindoW overlap each 
other and are common to each other. 

[0008] Such a register ?le A of FIG. 5 is called overlap 
register WindoW. 

[0009] In this register ?le A, register WindoW sWitching 
instructions (hereinafter also simply called “sWitching 
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instruction”), Which are for sWitching the current register 
WindoW W0 through W7 speci?ed by the CWP, include a 
SAVE instruction Which is for incrementing the CWP and a 
RESTORE instruction (RETURN instruction) Which is for 
decrementing the CWP. Hereinafter, the register WindoW 
sWitching instruction is called “SAVE instruction” and 
“RESTORE instruction”. Here, note that the CWP in FIG. 5 
speci?es the register WindoW W0. 

[0010] The register ?le A is an example in Which the 
number of WindoWs n=8 (register WindoWs W0 through 
W7). The register ?le A has a total of 136 registers: 8 
(registers)><8 (WindoWs)=64 (registers) for the local area; 8 
(registers)><8 (WindoWs)=64 (registers) for the in/out overlap 
area; 8 registers for global registers (not illustrated). It is 
necessary to be able to read/Write from/to all the 136 
registers. 
[0011] The speed and the siZe of the circuitry Which reads 
data from such a large register ?le A have been issues to be 
solved, and thus, there has been developed an information 
processing apparatus 100 of FIG. 6. The information pro 
cessing apparatus 100 includes: a Master Register File 
(MRF) 101; a Working Register File (WRF) 102; and an 
arithmetic operation unit 103, Which has an execution unit 
(designated as “Execution unit” in the draWing) and a 
memory unit (designated as “Memory unit” in the draWing). 

[0012] Generally speaking, a register WindoW With a large 
number of WindoWs needs a considerably large register ?le 
(eight Windows need 136 registers), and thus it becomes 
dif?cult to supply operands to an arithmetic operation unit in 
high speed. 
[0013] Therefore, as shoWn in FIG. 6, in addition to the 
MRP 101 Which holds all the WindoWs, a WRF 102, as a 
subset for holding a copy of data of the current register 
WindoW speci?ed by the CWP in the MRP 101, is provided. 
This WRF 102 supplies operands to the arithmetic operation 
unit 103. Since the WRF 102 only holds the WindoW Which 
is speci?ed by the CWP, its capacity is 32 entries, Which is 
smaller than that of the MRP 101. As a result, it is possible 
to enhance the speed of reading by the arithmetic operation 
unit 103. 

[0014] HoWever, in such a construction as of the informa 
tion processing apparatus 100, the WRF 102 holds registers 
for a single register WindoW, or the current register WindoW 
speci?ed by the CWP. In consequence, When an SAVE 
instruction or a RESTORE instruction is executed, it 
becomes impossible to supply operands necessary in the 
subsequent instruction from the WRF 102, Which is a neW 
problem. 

[0015] As a result, When a SAVE instruction or a 
RESTORE instruction is executed, the WRF 102 must be 
replaced With the value of a neW WindoW. Thus, WindoW 
(data) transfer processing from the MRP 101 to the WRF 
102 is caused, and execution of instructions thereafter is 
stalled. 

[0016] Further, in an information processing apparatus in 
Which the order in Which instructions are executed is 
changed under out-of-order instruction execution, instruc 
tions are executed beginning from executable instructions, 
irrespective of their order in the program. HoWever, instruc 
tions Which are to be executed subsequently to a SAVE 
instruction or a RESTORE instruction cannot be executed 
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until the WindoW after being subjected to the SAVE/RE 
STORE operations is transferred to the WRF 102, even if 
such instructions become executable. 

[0017] Such limitation Will considerably deteriorate the 
performance of information processing apparatuses Which 
employ the out-of-order instruction execution method, in 
Which apparatuses the number of instructions concurrently 
issued is large. In such information processing apparatuses 
employing the out-of-order instruction execution method, a 
great number of instructions are fetched and then accumu 
lated in a buffer. Executable instructions are executed from 
the buffer in the order irrespective of the order in the 
program, Whereby the throughput of instruction execution is 
improved. 

[0018] Accordingly, the above-mentioned limitation that 
the order of execution of instruction cannot be changed 
When SAVE instructions and RESTORE instructions appear 
Will cause a phenomenon that every When a SAVE instruc 
tion or a RESTORE instruction appears the out-of-order 
processing mechanism does not function, thereby causing 
signi?cant deterioration in the performance. 

[0019] In vieW of this disadvantage, as shoWn in FIG. 7, 
there has been developed an information processing appa 
ratus 110 (for example, see the folloWing patent document 1) 
in Which the WRF 112 stores, in addition to data (G, L1, I01, 
and Io2) of the current register WindoW Which is speci?ed by 
the CWP, data (L2, Io3, L3, and Io4) of the register WindoWs 
preceding and folloWing the current register WindoW (that is, 
registers of the register WindoWs indicated by CWP+1 and 
CWP-l are transferred beforehand). In this information 
processing apparatus, out-of-order execution is available 
With respect to instructions preceding and folloWing SAVE 
instructions and RESTORE instructions. 

[0020] In the above information processing apparatus 110, 
registers (here, 8 registers><8 byte) 113 for latching data 
therein are interposed betWeen the MRE 111 and the WRF 
112 When data is transferred from the MRE 111 to the WRF 
112. 

[0021] As shoWn in FIG. 8, the WRF 112 stores the 
contents of Ins of CWP (the same as Outs of CWP-l), 
Locals of CWP, Outs of CWP (the same as Ins of CWP+l), 
Which are the registers of the current register WindoW [here, 
the register WindoW currently speci?ed by the CWP is 
described as “CWP”, and the register WindoW (the register 
WindoW after incrementing the current CWP) folloWing the 
CWP is described as “CWP+1”, and the register WindoW 
(the register WindoW after decrementing the current CWP) 
preceding the current CWP is described as “CWP-l”. In the 
folloWing description, the register WindoWs W0 through W7 
are sometimes described as “CWP”, “CWP+1”, and “CWP 
I’’ based on the relationship With the above CWP] speci?ed 
by the CWP, and also stores Ins of CWP-l and Locals of 
CWP-l, Which are registers of a register WindoW needed by 
the instruction after execution of a RESTORE instruction, 
and Outs of CWP+1 and Locals of CWP+l, Which are 
registers of a register WindoW needed by the instruction after 
execution of a SAVE instruction. 

[0022] In consequence, as shoWn in FIG. 9, according to 
the information processing apparatus 110, When the CWP 
indicates the register WindoW W3, The WRF 112 holds data 
of the register WindoW W2 through W4 until the SAVE 
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instruction is executed (see the double headed arroW line 
“E” in the draWing). Thus, the arithmetic operation unit 103 
is capable of executing the instructions of the register 
WindoWs W2 through W4. Here, in FIG. 9, the double 
headed arroW line “D” designates instruction decoding 
(Fetch, Issue cycle); the double headed arroW line “E” 
designates instruction execution (Dispatch, Execute, Update 
Buffer cycle); the double headed arroW line “W” designates 
completion of execution of an instruction (Write back; 
Commit cycle). 

[0023] After completion of the SAVE instruction, the 
CWP speci?es the register WindoW W4, the information 
processing apparatus 110 transfers data of the register Win 
doW W5 from MRE 111 to WRF 112 via the register 113. As 
a result, the WRF 112 stores data of the register WindoW W3 
through W5, and the arithmetic operation unit 103 result 
antly executes instructions of the register WindoWs W3 
through W5. 

[0024] In this instance, in the information processing 
apparatus 110, the arithmetic operation unit 103 is capable 
of executing an instruction of the register WindoW W4 prior 
to the SAVE instruction, and is also capable of executing an 
instruction of the register WindoW W2 prior to the 
RESTORE instruction. 

[0025] HoWever, in the previous information processing 
apparatus 110, since the WRF 112 holds data of three 
register WindoWs, a total of 72 registers are necessary: eight 
registers 113 for latching and 64 registers for WRF 112. 
Thus, in comparison With the WRF 102 in the information 
apparatus 100 of FIG. 6, 40 registers must be added, thereby 
increasing hardWare resources. 

[0026] Accordingly, the area (circuitry area) for a selec 
tion circuit for reading out data to the WRF 112 and 
arithmetic operation unit 103 becomes large, and also, data 
read throughput from the WRF 112 by arithmetic operation 
unit 103 is delayed. 

[0027] [Patent Document 1] Japanese Patent Application 
Laid-open No. HEI 2003-196086 

SUMMARY OF THE INVENTION 

[0028] With the foregoing problems in vieW, it is an object 
of the present invention to reduce hardWare resources and to 
improve data read throughput in an information processing 
apparatus Which employs register WindoWs and the out-of 
order execution method. 

[0029] In order to accomplish the above object, according 
to the present invention, there is provided an arithmetic 
processor, comprising: at least one register ?le having a 
plurality of register WindoWs each formed by a set of 
registers including an in-register, a local register, and an 
out-register, in this order, the plurality of register WindoWs 
being arranged in a ring-like form; a current WindoW pointer 
Which indicates the position of a current register WindoW by 
using a pointer value When access is performed to the 
register WindoWs; a current register Which reads data, stored 
in a register WindoW that is speci?ed by the pointer value 
indicated by the current WindoW pointer, from the register 
?le; a replacing bulfer interposed betWeen the register ?le 
and the current register, the replacing buffer holding data 
Which is to be sent from the register ?le to the current 
register; an arithmetic operation unit Which executes (i) a 
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WindoW switching instruction for switching the register 
WindoWs and (ii) an instruction relating to data stored in the 
current register or data held in the replacing buffer; and a 
control unit Which transfers, if a WindoW sWitching instruc 
tion is decoded at execution of the WindoW sWitching 
instruction by the arithmetic operation unit, data of the 
register WindoW Which is to be speci?ed by the current 
WindoW pointer upon completion of execution of the Win 
doW sWitching instruction, to the replacing buffer. 

[0030] As a preferred feature, after completion of execu 
tion of the WindoW sWitching instruction by the arithmetic 
operation unit, the control unit replaces data store in the 
current register With data held in the replacing buffer, 
thereby storing data in the next resister WindoW, into Which 
the current register WindoW is sWitched under the WindoW 
sWitching instruction, in the current register. 

[0031] As yet another preferred feature, the arithmetic 
operation unit Writes resultant data, resultantly obtained 
after execution of the instruction, to the register ?le and the 
current register. 

[0032] As a further preferred feature, the arithmetic opera 
tion unit concurrently Writes resultant data, resultantly 
obtained after execution of the instruction, to the register ?le 
and the current register. 

[0033] As a still preferred further feature, in the register 
?le, the in-register of one of tWo adjacent register WindoWs 
and the out-register of the other of the tWo adjacent register 
WindoWs are provided as one common register. 

[0034] As another preferred feature, if the arithmetic 
operation unit decodes the WindoW sWitching instruction, 
the control unit transfers, to the replacing buffer, data stored 
in the local register of the register WindoW Which is speci?ed 
by the pointer value and data stored in either one of the 
in-register and the out-register of the register WindoW Which 
is speci?ed by the pointer value. 

[0035] As yet another preferred feature, if the arithmetic 
operation unit completes execution of the WindoW sWitching 
instruction, the control unit transfers, from the replacing 
buffer to the current register, data stored in the local register 
of the register WindoW Which is speci?ed by the pointer 
value and data stored in either one of the in-register and the 
out-register of the register WindoW Which is speci?ed by the 
pointer value. 

[0036] As a generic feature, there is provided an arithmetic 
processor, comprising: a plurality of register ?les Which 
have multiple register WindoWs each including plural Win 
doWs, the plural WindoWs being arranged in a ring-like form; 
a current WindoW pointer Which indicates the position of a 
current WindoW by using a pointer value When access is 
performed to the register WindoWs; a current register Which 
reads data, stored in the current WindoW that is speci?ed by 
the pointer value indicated by the current WindoW pointer, 
from the register ?le; a replacing buffer interposed betWeen 
the register ?le and the current register, the replacing buffer 
holding data of the WindoW Which is to be sent from the 
register ?le to the current register; an arithmetic operation 
unit Which executes (i) a WindoW sWitching instruction for 
sWitching the WindoWs and (ii) an instruction relating to data 
stored in the current register or data held in the replacing 
buffer; and a control unit Which transfers, if a WindoW 
sWitching instruction is decoded at execution of the WindoW 
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sWitching instruction by the arithmetic operation unit, data 
in a register WindoW Which is to be speci?ed by the current 
WindoW pointer upon completion of execution of the Win 
doW sWitching instruction, to the replacing buffer, the con 
trol unit transferring, if at execution, by unit of the arithmetic 
operation unit, of a load pointer instruction for updating a 
pointer value held by the current WindoW pointer, the pointer 
value is updated, data of one register WindoW Which is 
speci?ed by the updated pointer value, from the register ?le 
to the current register via the replacing buffer. 

[0037] As a preferred feature, a WindoW of the register ?le 
is formed by (i) a set of registers: an in-register; a local 
register; and an out-register, and (ii) a set of global registers 
Which is shared among the register WindoWs, and data of the 
one register WindoW, Which data is to be transferred from the 
register ?le to the replacing buffer or from the replacing 
buffer to the current register, is transferred in the folloWing 
order named: data relating to the global register, data relating 
to the out-register, data relating to the in-register, and data 
relating to the local register. 

[0038] As another generic feature, there is provided an 
information processing apparatus, comprising: at least one 
register ?le having a plurality of register WindoWs each 
formed by a set of registers including an in-register, a local 
register, and an out-register, in this order, the plurality of 
register WindoWs being arranged in a ring-like form; a 
current WindoW pointer Which indicates the position of a 
current register WindoW by using a pointer value When 
access is performed to the register WindoWs; a current 
register Which reads data, stored in a register WindoW that is 
speci?ed by the pointer value indicated by the current 
WindoW pointer, from the register ?le; a replacing buffer 
interposed betWeen the register ?le and the current register, 
the replacing buffer holding data Which is to be sent from the 
register ?le to the current register; an arithmetic operation 
unit Which executes (i) a WindoW sWitching instruction for 
sWitching the register WindoWs and (ii) an instruction relat 
ing to data stored in the current register or data held in the 
replacing buffer; and a control unit Which transfers, if a 
WindoW sWitching instruction is decoded at execution of the 
WindoW sWitching instruction by the arithmetic operation 
unit, data in a register WindoW Which is to be speci?ed by the 
current WindoW pointer upon completion of execution of the 
WindoW sWitching instruction, to the replacing buffer. 

[0039] As a preferred feature, after completion of execu 
tion of the WindoW sWitching instruction by the arithmetic 
operation unit, the control unit replaces data stored in the 
current register With data held in the replacing buffer, 
thereby storing data in the next resister WindoW, into Which 
the current register WindoW is sWitched under the WindoW 
sWitching instruction, in the current register. 

[0040] As another preferred feature, the arithmetic opera 
tion unit Writes resultant data, resultantly obtained after 
execution of the instruction, to the register ?le and the 
current register. 

[0041] As yet another preferred feature, the arithmetic 
operation unit concurrently Writes resultant data, resultantly 
obtained after execution of the instruction, to the register ?le 
and the current register. 

[0042] As a further preferred feature, in the register ?le, 
the in-register of one of tWo adjacent register WindoWs and 
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the out-register of the other of the tWo adjacent register 
WindoWs are provided as one common register. 

[0043] As a still further preferred feature, if the arithmetic 
operation unit decodes the WindoW switching instruction, 
the control unit transfers, to the replacing buffer, data stored 
in the local register of the register WindoW Which is speci?ed 
by the pointer value and data stored in either one of the 
in-register and the out-register of the register WindoW Which 
is speci?ed by the pointer value. 

[0044] As another preferred feature, if the arithmetic 
operation unit completes execution of the WindoW sWitching 
instruction, the control unit transfers, from the replacing 
buffer to the current register, data stored in the local register 
of the register WindoW Which is speci?ed by the pointer 
value and data stored in either one of the in-register and the 
out-register of the register WindoW Which is speci?ed by the 
pointer value. 

[0045] As a generic feature, there is provided an informa 
tion processing apparatus, comprising: a plurality of register 
?les Which have multiple register WindoWs each including 
plural WindoWs, the plural WindoWs being arranged in a 
ring-like form; a current WindoW pointer Which indicates the 
position of a current WindoW by using a pointer value When 
access is performed to the register WindoWs; a current 
register Which reads data, stored in the current WindoW that 
is speci?ed by the pointer value indicated by the current 
WindoW pointer, from the register ?le; a replacing buffer 
interposed betWeen the register ?le and the current register, 
the replacing buffer holding data of the WindoW Which is to 
be sent from the register ?le to the current register; an 
arithmetic operation unit Which executes (i) a WindoW 
sWitching instruction for sWitching the WindoWs and (ii) an 
instruction relating to data stored in the current register or 
data held in the replacing buffer; and a control unit Which 
transfers, if a WindoW sWitching instruction is decoded at 
execution of the WindoW sWitching instruction by the arith 
metic operation unit, data in a register WindoW Which is to 
be speci?ed by the current WindoW pointer upon completion 
of execution of the WindoW sWitching instruction, to the 
replacing buffer, the control unit transferring, if at execution, 
by unit of the arithmetic operation unit, of a load pointer 
instruction for updating a pointer value held by the current 
WindoW pointer, the pointer value is updated, data of one 
register WindoW Which is speci?ed by the updated pointer 
value, from the register ?le to the current register via the 
replacing buffer. 

[0046] As a preferred feature, a WindoW of the register ?le 
is formed by (i) a set of registers: an in-register; a local 
register; and an out-register, and (ii) a set of global registers 
Which are shared among the register WindoWs, and data of 
the one register WindoW, Which data is to be transferred from 
the register ?le to the replacing buffer or from the replacing 
buffer to the current register, is transferred in the folloWing 
order named: data relating to the global register, data relating 
to the out-register, data relating to the in-register, and data 
relating to the local register. 

[0047] As another generic feature, there is provided a 
register ?le control method for an arithmetic processor 
including: a register ?le having a plurality of register Win 
doWs arranged in a ring-like form, each the register WindoW 
being formed by a set of registers; a current WindoW pointer 
Which indicates the position of a current register WindoW by 
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using a pointer value; a current register Which reads data, 
stored in a register WindoW that is speci?ed by the pointer 
value indicated by the current WindoW pointer, from the 
register ?le; a replacing buffer for holding data Which is to 
be sent from the register ?le to the current register; and an 
arithmetic operation unit Which executes (i) a WindoW 
sWitching instruction for sWitching the register WindoWs and 
(ii) an instruction relating to data stored in the current 
register or data held in the replacing buffer, the method 
comprising: transferring, if a WindoW sWitching instruction 
is decoded at execution of the WindoW sWitching instruction 
by the arithmetic operation unit, data in a register WindoW 
Which is to be speci?ed by the current WindoW pointer upon 
completion of execution of the WindoW sWitching instruc 
tion, to the replacing buffer. 

[0048] As a preferred feature, the register ?le control 
method further comprises: replacing, after completion of 
execution of the WindoW sWitching instruction by the arith 
metic operation unit, data store in the current register With 
data held in the replacing buffer, thereby storing data in the 
next resister WindoW, into Which the current register WindoW 
is sWitched under the WindoW sWitching instruction, in the 
current register. 

[0049] As described so far, according to the present inven 
tion, the arithmetic operation unit is connected in such a 
manner that it can read data from the current register and the 
replacing buffer. When the arithmetic operation unit decodes 
a WindoW sWitching instruction such as a SAVE instruction 
and a RESTORE instruction, the control unit performs 
control such that data of a register WindoW, Which is next to 
be held in the current register after execution of the sWitch 
ing instruction, is read from a master register, and is then 
stored in the replacing buffer. Inconsequence, it becomes 
possible for the arithmetic operation unit to read data, Which 
is next to be held in the current register after execution of the 
WindoW sWitching instruction, from the replacing buffer 
before actual execution of the WindoW sWitching instruction, 
thereby reliably executing an instruction Which uses data of 
the above mentioned register WindoW. 

[0050] Therefore, differing from the previous apparatus, it 
is no longer necessary to pre-read the preceding and the 
folloWing register WindoWs of the current register WindoW, 
a total of three registers WindoWs, and instructions are 
executable in the out-of-order method. Thus, the capacity 
(hardWare resource) of a register Which is required to 
execute an instruction folloWing a WindoW sWitching 
instruction before actual execution of the WindoW sWitching 
instruction, is reduced. 

[0051] In consequence, throughput at data reading from 
the current register and the replacing buffer for instruction 
execution by the arithmetic operation unit is improved. 

[0052] In addition, since hardWare resources are reduced, 
an implement area for registers is reduced, and poWer 
consumption is also reduced. 

[0053] Other objects and further features of the present 
invention Will be apparent from the folloWing detailed 
description When read in conjunction With the accompany 
ing draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0054] FIG. 1 is a block diagram shoWing a construction 
of an information processing apparatus according to one 
preferred embodiment of the present invention; 
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[0055] FIG. 2 is a diagram for describing an out-of-order 
instruction execution method employed by an arithmetic 
operation unit of the information processing apparatus of 
according to the present embodiment; 

[0056] FIG. 3 is a diagram for describing an example of 
operation of the arithmetic operation unit of the information 
processing apparatus according to the present embodiment; 

[0057] FIG. 4(a) through FIG. 4(c) are diagrams for 
describing data held in a current WindoW register and a 
current WindoW replace buffer of the information processing 
apparatus according to the present embodiment; FIG. 4(a) is 
a vieW shoWing a state before a WindoW sWitching instruc 
tion is decoded by the arithmetic operation unit; FIG. 4(b) is 
a vieW shoWing a state after the WindoW sWitching instruc 
tion is decoded by the arithmetic operation unit; FIG. 4(c) is 
a vieW shoWing a state after completion of execution of the 
WindoW sWitching instruction by the arithmetic operation 
unit; 

[0058] FIG. 5 is a diagram shoWing a previous ring-like 
register ?le (register WindoWs) formed in a master register 
?le of the information processing apparatus according to the 
present embodiment; 

[0059] FIG. 6 is a block diagram shoWing a construction 
of a previous information processing apparatus; 

[0060] FIG. 7 is a block diagram shoWing a construction 
of a previous information processing apparatus; 

[0061] FIG. 8 is a diagram for describing data held in a 
register ?le of the previous information processing apparatus 
of FIG. 7; and 

[0062] FIG. 9 is a diagram shoWing an example of opera 
tion of an arithmetic operation unit of the previous infor 
mation processing apparatus of FIG. 7. 

DESCRIPTION OF THE PREFERRED 

EMBODIMENT(S) 
[0063] Referring to the relevant draWings, one preferred 
embodiment of the present invention Will noW be described. 

[1] One Preferred Embodiment 

[0064] First of all, referring to the block diagram of FIG. 
1, a description Will be made hereinbeloW of a construction 
of an information processing apparatus according to one 
preferred embodiment of the present invention. As shoWn in 
FIG. 1, the present information processing apparatus 1 
includes: a Master Register File (master register; MRF) 10; 
a Current WindoW Register (current register; CWR) 20, a 
Current WindoW Replace Buffer (replacing bulfer; CRB) 30; 
an arithmetic operation unit 40; and a control unit 50. 

[0065] The master register ?le (hereinafter called “MRF”) 
10 includes more than one register WindoWs each storing 
data therein, and has a ring-like register ?le A as shoWn in 
FIG. 5. That is, a register ?le A, as an MRF 10, is a register 
?le of an overlap register WindoW type, in Which register 
WindoWs W0 through W7 are linked in a ring-like form With 
overlap betWeen adjacent register WindoWs. 

[0066] As shoWn in FIG. 5, the present information pro 
cessing apparatus 1 also has a CWP (Current WindoW 
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Pointer; not illustrated), and one of the register WindoWs W0 
through W7 Which is speci?ed by the CWP is treated as the 
current register WindoW. 

[0067] The current WindoW register (hereinafter called 
“CWR”) 20 holds the current register WindoW Wi (i=0, 1, . 
. . , 7), out of the multiple register WindoWs W0 through W7, 
Which is speci?ed by the CWP, and here, the CWR holds 
only one register WindoW Wi including a Global register. 

[0068] To hold the current register WindoW Wi, Which is a 
single register WindoW speci?ed by the CWP, the CWR 20 
is formed by a total of 32x8 byte registers: 8x8 byte registers 
21 for holding Global registers; 8x8 byte registers 22 for 
holding Locals registers; 8x8 byte registers 23 for holding 
Ins registers; 8x8 byte registers 24 for holding Outs regis 
ters. 

[0069] The current WindoW replace bulfer (hereinafter 
called “CRB”) 30 is interposed betWeen the MRP 10 and the 
CWR 20, and holds data of the register WindoW Wi-l or 
W+l, Which is next to be held in the CWR 20 (here, When 
i=0, register WindoW W7 or register WindoW W1; When i=7, 
register WindoW W6 or register WindoW W0). 

[0070] That is, the CRB 30 pre-reads and holds registers 
(here, some of the registers) of the register WindoW Wi-l or 
the register WindoW Wi+l, Which is next to be held in the 
CWR 20, under instruction of a WindoW sWitching instruc 
tion (SAVE instruction or RESTORE instruction) Which is 
executed by the arithmetic operation unit 40. 

[0071] The CRB 30 is formed by a total of 16x8 byte 
registers: 8x8 byte registers 31 for holding Locals registers; 
8x8 byte registers 32 for holding Ins or Outs registers. 

[0072] In this instance, With an instruction (LOAD_CWP 
command) for directly reWriting the CWP value, a WindoW 
sWitching operation can be forcibly performed. Aregister 31 
of the CRB 30 is used in reading the Global register from the 
MRP 10 and making the CWR 20 hold it (to transfer the 
Global register to the CWR 20) at the time the contents of 
a register set Which is necessary for execution of a neW 
instruction string need to be updated [e.g., at the time of 
initial operation (that is, When the CWR 20 is empty) of the 
information processing apparatus 1, process sWitching, and 
thread sWitching]. 

[0073] According to the present invention, upon comple 
tion of execution of the LOAD_CWP command, data held in 
a single WindoW register is transferred from the MRP to the 
CRB and then to the CWR. When the bus Width at transfer 
from the MRP to the CRB and from CRB to the CWR is 
small, for example, if the bus Width is 8 byte><8, data can be 
transferred by a pipeline for 8 registers in the folloWing 
order named: Globals, Outs, Locals, and Ins. 

[0074] Hence, With completion of execution of the 
LOAD_CWP instruction as a trigger, the out-of-order 
execution is stalled (that is, even if instruction processing 
subsequent to the LOAD_CWP command has already been 
executed by out-of-order execution before completion of 
execution of the LOAD_CWP command, the result of the 
instruction execution is abandoned, and is then executed 
once again after completion of execution of the LOAD 
_CWP command). As a result, it becomes possible that data 
of a single register WindoW is copied from the MRP to the 
CWR With the CRB being used as a relay buffer. 
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[0075] The arithmetic operation unit 40, Which is con 
nected in such a manner that it is capable of reading data 
stored in the CWR 20 and data stored in the CRB 30, 
executes instructions relating to data stored in the CWR 20 
and the CRB 30, a SAVE instruction for incrementing the 
CWP and a RESTORE instruction (RETURN instruction) 
for decrementing the CWP. Here, these instructions are 
executed in the out-of-order method (see FIG. 2 as detailed 
below). 
[0076] The arithmetic operation unit 40 is also connected 
in such a manner that it is capable of Writing data to the MRF 
10 and the CWR 20, and performs Writing operation con 
currently to the MRF 10 and the CWR 20. In this instance, 
in the out-of-order instruction method employed by the 
arithmetic operation unit 40, a Commit stage (see FIG. 2 as 
detailed beloW) in Which Writing operation is caused is 
executed in the in-order method. Thus, the arithmetic opera 
tion unit 40 need not be connected so as to be able to Write 
to the CRB 30. 

[0077] The control unit 50 controls data transfer betWeen 
the MRF 10 and the CWR 20 and betWeen the CWR 20 and 
the CRB 30. 

[0078] NoW, referring to FIG. 2, a description Will be 
made of the out-of-order instruction execution method 
employed by the information processing apparatus 1. Here, 
note that in FIG. 2 instructions in an instruction pipeline 
?oWs from the left to the right. 

[0079] As shoWn in FIG. 2, in the instruction pipeline, the 
arithmetic operation unit 40 of the information processing 
apparatus 1 executes instructions in order in the instruction 
Fetch stage and the instruction Issue (Decode) stage. In 
contrast, in the instruction Dispatch stage, the Execute stage, 
and Update Buffer stage, the arithmetic operation unit 40 
executes instructions out of order, irrespectively of the 
instruction execution order, and instructions are executed, 
beginning from the prepared one. Finally, in the Commit 
stage, the arithmetic operation unit 40 executes instructions 
in order. 

[0080] Here, the Fetch stage is a stage in Which instruc 
tions are read out from a memory (not illustrated); the Issue 
(Decode) stage is a stage in Which instructions are decoded 
and registered in the reservation station (not illustrated); the 
Dispatch stage is a stage in Which instructions are issued 
from the reservation station to instruction execution 
resources such as an arithmetic operation unit; the Execute 
stage is a stage in Which instructions are executed in the 
instruction execution resources such as the arithmetic opera 
tion unit; the Update Buffer stage is a stage in Which 
execution results are Waited for; the Commit stage is a stage 
in Which the results of execution of the instructions are 
Written back (Write back) to the memory (not illustrated). 

[0081] When the arithmetic operation unit 40 decodes a 
WindoW sWitching instruction (SAVE instruction/ RESTORE 
instruction) While it is executing instructions out of order, 
the control unit 50 performs control in such a manner that 
data (register) of the register WindoW Wi-l or data of the 
register WindoW Wi+l, Which is to be stored in the CWR 20 
under the WindoW sWitching instruction, is read out from the 
MRF 10, and is then stored in the CRB 30. 

[0082] Further, after the arithmetic operation unit com 
pletes execution of such a WindoW sWitching instruction, the 
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control unit 50 replaces data (register) currently held in the 
CWR 20 With data (register) held in the CRB 30, thereby 
making the CWR 20 hold data therein of a register WindoW 
Which is next to be held under the WindoW sWitching 
instruction. 

[0083] Here, referring to FIG. 3 and FIG. 4(a) through 
FIG. 4(c), a description Will be made hereinbeloW of the 
operation of the control unit 50 and data held in the CWR 20 
and the CRB 30 in a case Where the register WindoW 
speci?ed by the CWP is the register WindoW W3, and also 
Where the arithmetic operation unit 40 executes an instruc 
tion relating to the register WindoW W3 (hereinafter called 
“instruction With CWP=3”), a SAVE instruction, an instruc 
tion relating to the register WindoW W4 (hereinafter called 
“instruction With CWP=4”). 

[0084] Here, double-headed arroWs “D” in FIG. 3 desig 
nate decoding of instructions (Fetch stage+Issue stage in 
FIG. 2); double-headed arroWs “E” designate execution 
(Dispatch stage+Execute stage+Update Buffer stage in FIG. 
2) of instructions; double-headed arroWs “W” designate 
completion (Write back; Commit stage of FIG. 2) of instruc 
tion. The arithmetic operation unit 40 executes instructions 
in order till decoding. That is, the arithmetic operation unit 
40 executes the instruction With CWP=3, the SAVE instruc 
tion, and the instruction With CWP=4, in this order. 

[0085] First of all, in the information processing apparatus 
1, until the arithmetic operation unit 40 decodes the instruc 
tion With CWP=3, the CWR 20 holds data of the current 
register WindoW (here, the register WindoW W3; CWP=3) 
speci?ed by the CWP. 

[0086] That is, as shoWn in FIG. 4(a), before the SAVE 
instruction (or the RESTORE instruction) is decoded, the 
CWR 20 of the information processing apparatus 1 holds 
Globals register, Which is data in the current register WindoW 
W3 speci?ed by the CWP, in the register 21; register 
W3Locals (described as “Locals CWP=3” in the draWing) in 
the register 22; register W3Ins (described as “Ins CWP=3” 
in the draWing), in the register 23; register W3 Outs 
(described as “Outs CWP=3” in the draWing), in the register 
24. Under this state, the CRB 30 does not hold any data. 

[0087] Thus, the arithmetic operation unit 40 is only 
capable of executing the instruction With CWP=3 by using 
the data of the register WindoW W3 held in the CWR 20. 

[0088] Subsequently, as shoWn in FIG. 3, When the arith 
metic operation unit 40 decodes the SAVE instruction 
(executes the Issue stage), the control unit 50 performs 
control such that data held in some registers of the register 
WindoW W4 (CWP=4) Which is subsequently speci?ed by 
the CWP under instruction of the SAVE instruction is read 
out and then stored in the CRB 30. 

[0089] That is, as shoWn in FIG. 4(b), When the arithmetic 
operation unit 40 decodes the SAVE instruction, the control 
unit 50 copies the contents of the register W4Locals 
(described as “Locals CWP=4” in the draWing) of the 
register WindoW W4 (CWP=4) Which is subsequently speci 
?ed by the CWP under the SAVE instruction, from the MRF 
10 to the register 31 of the CRB 30, and transfers the 
contents. Further, the control unit 50 copies the contents of 
the register W40uts (described as “Outs CWP=4” in the 
draWing) to the register 32 of the CRB 30 and transfers the 
contents. 
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[0090] Here, the reason Why the control unit 50 does not 
transfer the contents of the register W4Ins of the register 
WindoW W4 to the CRB 30 is that the register W4Ins 
overlaps With the register W30uts of the register WindoW 
W3 (overlap part) held in the register 24 of the CWR 20 (see 
FIG. 5). 

[0091] In this manner, the control unit 50 performs control 
such that data (here, the register W4Locals and the register 
W40uts) of a part Which does not overlap With the register 
WindoW W3 currently held in the CWR 20, out of data of the 
register WindoW W4 Which is next to be held in the CWR 20, 
is held in the CRB 30. The data of this non-overlap part is 
read out from the MRP 10 and stored in the CRB 30. 

[0092] Accordingly, in the information processing appa 
ratus 1, after decoding of the SAVE instruction by the 
arithmetic operation unit 40, but before the Commit stage 
(see FIG. 2), the contents of the register W4Locals is held in 
the register 31 of the CRB 30, and the contents of the register 
W40uts is held in the register 32. 

[0093] As a result, the arithmetic operation unit 40 is 
capable of executing the instruction With CWP=3 by using 
data of the register WindoW W3 held in the CWR 20. Further, 
the arithmetic operation unit 40 is also capable of executing 
the instruction With CWP=4 by using a part (data of non 
overlap Locals and Outs registers) of the data of the register 
WindoW W4 held in the CRB 30 and the register W3outs 
held in the CWR 20 Which overlaps With the register W4Ins. 

[0094] Further, as shoWn in FIG. 3, after completion 
(Write back) of execution of the SAVE instruction by the 
arithmetic operation unit 40 (after execution of the Commit 
stage), the control unit 50 reads data from the CRB 30 and 
transfers the read-out data to the CWR 20 so that the CWR 
20 holds data (here, the register W4Locals and the register 
W40uts) stored in the CRB 30. 

[0095] That is, the control unit 50 performs control such 
that data (here, the register W3Locals and the register 
W3Ins) of a part Which does not overlap With the next 
register WindoW W4, out of the data currently stored in CWR 
20, is replaced With data (here, the register W4Locals and 
the register W3Ins) stored in the CRB 30, Whereby the data 
of the next register WindoW W4 is stored in the CWR 20. 

[0096] More speci?cally, as shoWn in FIG. 4(c), after 
completion of execution of the SAVE instruction by the 
arithmetic operation unit 40, the control unit 50 replaces data 
(see the tWo-dotted arroW line P) so that the register 
W4Locals (described as “Locals CWP=4” in the draWing) 
held in the register 31 of the CRB 30 is held in the register 
22 of the CWR 20. Further, the control unit 50 also replaces 
data (see one-dotted arroW line Q) so that the register 
W40uts held in the register 32 of the CRB 30 is held in the 
register 23 of the CWR 20. 

[0097] As to the register W4Ins Which is common to When 
CWP=3 and When CWP=4, the register W30uts Which is 
originally stored in the register 24 is treated as the register 
W4Ins by the control unit 50. 

[0098] In this manner, as to the data of apart Which 
overlaps With the next register WindoW W4, out of the data 
currently stored in the CWR 20, the control unit 50 performs 
control such that the data of the overlapping part is treated 
as the data of the next register WindoW W4 (that is, the data 
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is left as it is, and is used as data of the next register 
WindoW), Whereby the CWR 20 holds the next register 
WindoW W4. 

[0099] Consequently, in the CWR 20, Whether Ins register 
or Outs registers are held in the registers 23 and 24 depends 
on Whether the CWP takes an even number or an odd 

number. When the CWP changes from a even number to a 
odd number, the Ins register originally stored in the register 
23 is treated as the Outs register of the next register WindoW. 

[0100] As a result, after completion (Write back) of execu 
tion of a SAVE instruction by the arithmetic operation unit 
40, the CRB 30 stores no data, and the arithmetic operation 
unit 40 is only capable of executing the instruction With 
CWP=4 by using data of the register WindoW W4 held in the 
CWR 20. 

[0101] In this manner, according to the information pro 
cessing apparatus 1 of one preferred embodiment of the 
present invention, the arithmetic operation unit 40 is con 
nected in such a manner that it can read data from the CWR 
20 and the CRB 30. When the arithmetic operation unit 40 
decodes a WindoW sWitching instruction, the control unit 50 
performs control such that data of a register WindoW, Which 
is next to be held in the CWR 20 after execution of the 
sWitching instruction, is read from the MRP 10 and is then 
stored in the CRB 30. In consequence, it becomes possible 
for the arithmetic operation unit 40 to read data, Which is 
next to be held in the CWR 20 after execution of the WindoW 
switching instruction, from the CRB 30 before actual execu 
tion of the WindoW sWitching instruction, thereby reliably 
executing an instruction Which uses data of the above 
mentioned register WindoW. 

[0102] In this instance, the CRB 30 is realiZed by 16 
registers, and the CWR 20 is realiZed by 32 registers. Thus, 
in the present information processing apparatus 1, by means 
of a total of 48 registers, the arithmetic operation unit 40 is 
capable of executing instructions in the out-of-order instruc 
tion execution method With respect to the MRP 10 Which 
employs register WindoWs. Therefore, in comparison With a 
previous information processing apparatus 110 Which is 
realiZed by 72 registers, in the present information process 
ing apparatus 1, as many as 24 registers are reduced. 

[0103] In other Words, according to the present informa 
tion processing apparatus 1, hardWare resources are reduced, 
so that throughput at data reading from the CWR 20 and the 
CRB 30 for instruction execution by the arithmetic operation 
unit 40 is improved. 

[0104] In addition, since the number of registers is 
reduced, the siZe of circuitry is reduced, so that an imple 
ment area and poWer consumption are also reduced. 

[0105] Further, in the information processing apparatus 1, 
When the arithmetic operation unit 40 completes the execu 
tion of a WindoW sWitching instruction, the control unit 50 
performs control such that data of a part Which does not 
overlap With the subsequent register WindoW, out of data of 
the register WindoW currently held by the CWR 20, is 
replaced With data held in the CRB 30, Whereby data of the 
next register WindoW is stored in the CWR 20. Thus, Writing 
processing to the CWR 20 relating to execution of instruc 
tions Which are performed in order is reliably performed. 
That is, Writing processing relating to execution of instruc 
tions is reliably performed Without the necessity of connect 
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ing the arithmetic operation unit 40 in such a manner that 
Writing processing can be performed to the CRB 30. 

[0106] Furthermore, in the information processing appa 
ratus 1, after completion of execution of a switching instruc 
tion by the arithmetic operation unit 40, the control unit 50 
treats data of a part Which overlaps With the next register 
WindoW, out of the data currently stored in the CWR 20, as 
data of the next register WindoW, Whereby the next register 
WindoW is held in the CWR 20. Thus, in order to eventually 
store a register WindoW, including three areas (Local regis 
ters, Ins registers, and Outs registers), in the CWR 20, the 
CRB 30, Which functions as a relay point, need to have only 
tWo areas, so that the amount of hardWare resource is 
reduced. More speci?cally, only 16 registers are needed to 
realiZe the CRB 30, not 24 registers Which are necessary to 
retain the Whole register WindoW. 

[0107] [2] Other Modi?cation(s) 
[0108] The present invention should by no means be 
limited to the above-illustrated embodiment, and various 
changes or modi?cations may be suggested Without depart 
ing from the gist of the invention. 

[0109] For example, the number of register WindoWs 
stored in the register ?le A and the capacity (the number of 
registers) of each register WindoW should by no means be 
limited to those in the above-described example, and they 
can be changed. 

[0110] Further, the object of processing performed by the 
information processing apparatus of the present invention 
should by no means be limited to register ?les of an overlap 
WindoW type, and the present invention is applicable to any 
register ?le as long as it includes more than one register 
WindoW. 

[0111] Accordingly, in the present invention, the capaci 
ties of the CWR 20 and the CRB 30 are varied according to 
the register WindoWs held by the MRP 10. 

[0112] As detailed so far, the information processing appa 
ratus of the present invention comprises: 

[0113] a master register formed by a plurality of register 
WindoWs storing data therein; 

[0114] a current register Which holds a current register 
WindoW, out of said plurality of register WindoWs of the 
master register; 

[0115] a replacing bulfer interposed betWeen the master 
register and the current register, the replacing buffer holding 
data of a register WindoW Which is to be subsequently held 
in the current register; 

[0116] an arithmetic operation unit Which is connected so 
as to be able to read data held in the current register and the 
replacing buffer, the arithmetic operation unit executing an 
instruction relating to data held in the current register and the 
replacing bulfer; 
[0117] a control unit Which executes, if a WindoW sWitch 
ing instruction, Which is for sWitching the present register 
WindoW held in the current register into another register 
WindoW, is decoded at execution thereof by said arithmetic 
operation means, control in such a manner that data Which 
is next to be stored in the current register under the sWitching 
instruction is read from the master register and is then stored 
in the replacing bulfer. 
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[0118] In this instance, it is preferable that, after comple 
tion of execution of the sWitching instruction by the arith 
metic operation unit, the control unit replace data currently 
held in the current register With data held in the replacing 
bulfer, thereby storing data held in the next register WindoW 
in the current register under the sWitching instruction. 

[0119] Further, it is also preferable that the arithmetic 
operation unit perform Writing operations to the master 
register and to the current register. At this time, the arith 
metic operation unit preferably performs the above Writing 
operations concurrently. 
[0120] Still further, the above mentioned master register is 
preferably a register ?le of an overlap WindoW type. In this 
instance, it is preferable that the control unit execute control 
such that the replacing bulfer hold data Which does not 
overlap With the present register WindoW currently held in 
the current register, out of data of the register WindoW Which 
is next to be held in the current register. 

[0121] It is also preferable that, if the sWitching instruction 
is decoded by the arithmetic operation unit, the control unit 
read data Which does not overlap With the present register 
WindoW held in the current register, out of the register 
WindoW Which is next to be held, and then makes the thus 
read-out data to be held in the replacing bulfer. In this 
instance, after completion of execution of the sWitching 
instruction, the control unit preferably replaces data Which 
does not overlap With the next register WindoW, out of data 
currently held in the current register, With data held in the 
replacing bulfer, Whereby data of the next register WindoW 
is held in the current register. 

[0122] Further, after completion of execution of the 
sWitching instruction by the arithmetic operation unit, the 
control unit preferably reads data Which overlaps With the 
next register WindoW, out of data currently held in the 
current register, as data of the next register WindoW, Whereby 
the control unit makes the data of the next register WindoW 
to be held in the current register. 

[0123] Furthermore, it is preferable that the master register 
has a current pointer Which indicates a current register 
WindoW held in the current register. In this instance, it is also 
preferable that the above sWitching instruction, Which is to 
be executed by the arithmetic operation, is a save instruction 
for incrementing the current pointer, and at the same time, is 
a restore instruction for decrement the current pointer. 

What is claimed is: 

1. An arithmetic processor, comprising: 

at least one register ?le having a plurality of register 
WindoWs each formed by a set of registers including an 
in-register, a local register, and an out-register, said 
plurality of register WindoWs being arranged in a ring 
like form; 

a current WindoW pointer Which indicates the position of 
a current register WindoW by using a pointer value 
When access is performed to the register WindoWs; 

a current register Which reads data, stored in a register 
WindoW that is speci?ed by the pointer value indicated 
by said current WindoW pointer, from said register ?le; 
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a replacing buffer con?gured between said register ?le 
and said current register, said replacing bulfer holding 
data Which is to be sent from said register ?le to said 
current register; 

an arithmetic operation unit Which executes a WindoW 
sWitching instruction for sWitching the register Win 
doWs and an instruction relating to data stored in said 
current register or data held in said replacing buffer; 
and 

a control unit Which transfers, if a WindoW sWitching 
instruction is decoded at execution of the WindoW 
sWitching instruction by said arithmetic operation unit, 
data of the register WindoW Which is to be speci?ed by 
said current WindoW pointer upon completion of execu 
tion of the WindoW sWitching instruction, to said 
replacing buffer. 

2. An arithmetic processor as set forth in claim 1, Wherein, 
after completion of execution of the WindoW sWitching 
instruction by said arithmetic operation unit, said control 
unit replaces data store in said current register With data held 
in said replacing buffer, thereby storing data in the next 
resister WindoW, into Which the current register WindoW is 
sWitched under the WindoW sWitching instruction, in said 
current register. 

3. An arithmetic processor as set forth in claim 1, Wherein 
said arithmetic operation unit Writes result data, obtained 
after execution of the instruction, to said register ?le and 
said current register. 

4. An arithmetic processor as set forth in claim 1, Wherein 
said arithmetic operation unit concurrently Writes result 
data, obtained after execution of the instruction, to both said 
register ?le and said current register. 

5. An arithmetic processor as set forth in claim 1, Wherein, 
in said register ?le, the in-register of one of tWo adjacent 
register WindoWs and the out-register of the other of the tWo 
adjacent register WindoWs are provided as one common 
register. 

6. An arithmetic processor as set forth in claim 5, Wherein, 
if said arithmetic operation unit decodes the WindoW sWitch 
ing instruction, said control unit transfers, to said replacing 
buffer, data stored in the local register of the register WindoW 
Which is speci?ed by the pointer Value and data stored in 
either the in-register or the out-register of the register 
WindoW Which is speci?ed by the pointer Value. 

7. An arithmetic processor as set forth in claim 5, Wherein, 
if said arithmetic operation unit completes execution of the 
WindoW sWitching instruction, said control unit transfers, 
from said replacing buffer to said current register, data stored 
in the local register of the register WindoW Which is speci?ed 
by the pointer Value and data stored in either the in-register 
or the out-register of the register WindoW Which is speci?ed 
by the pointer Value. 

8. An arithmetic processor, comprising: 

a plurality of register ?les Which have multiple register 
WindoWs each including plural WindoWs, said plural 
WindoWs being arranged in a ring-like form; 

a current WindoW pointer Which indicates the position of 
a current WindoW by using a pointer Value When access 
is performed to the register WindoWs; 

a current register Which reads data, stored in the current 
WindoW that is speci?ed by the pointer Value indicated 
by said current WindoW pointer, from said register ?le; 
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a replacing bulfer con?gured betWeen said register ?le 
and said current register, said replacing bulfer holding 
data of said WindoW Which is to be sent from said 
register ?le to said current register; 

an arithmetic operation unit Which executes a WindoW 
sWitching instruction for sWitching the WindoWs and an 
instruction relating to data stored in said current reg 
ister or data held in said replacing buffer; and 

a control unit transferring, if at execution, by unit of said 
arithmetic operation unit, of a load pointer instruction 
for updating a pointer Value held by said current 
WindoW pointer, the pointer Value is updated, data of 
one register WindoW Which is speci?ed by the updated 
pointer Value, from said register ?le to said current 
register Via said replacing buffer. 

9. An arithmetic processor as set forth in claim 8, 

Wherein a WindoW of said register ?le is formed by a set 
of registers: an in-register; a local register; and an 
out-register, and a set of global registers Which is 
shared among said register WindoWs, and 

Wherein data of said one register WindoW, Which data is to 
be transferred from said register ?le to said replacing 
buffer or from said replacing buffer to said current 
register, is transferred in the folloWing order named: 
data relating to the global register, data relating to the 
out-register, data relating to the in-register, and data 
relating to the local register. 

10. An information processing apparatus, comprising: 

at least one register ?le having a plurality of register 
WindoWs each formed by a set of registers including an 
in-register, a local register, and an out-register, said 
plurality of register WindoWs being arranged in a ring 
like form; 

a current WindoW pointer Which indicates the position of 
a current register WindoW by using a pointer Value 
When access is performed to the register WindoWs; 

a current register Which reads data, stored in a register 
WindoW that is speci?ed by the pointer Value indicated 
by said current WindoW pointer, from said register ?le; 

a replacing bulfer con?gured betWeen said register ?le 
and said current register, said replacing bulfer holding 
data Which is to be sent from said register ?le to said 
current register; 

an arithmetic operation unit Which executes a WindoW 
sWitching instruction for sWitching the register Win 
doWs and an instruction relating to data stored in said 
current register or data held in said replacing buffer; 
and 

a control unit Which transfers, if a WindoW sWitching 
instruction is decoded at execution of the WindoW 
sWitching instruction by said arithmetic operation unit, 
data in a register WindoW Which is to be speci?ed by 
said current WindoW pointer upon completion of execu 
tion of the WindoW sWitching instruction, to said 
replacing buffer. 

11. An information processing apparatus as set forth in 
claim 10, Wherein, after completion of execution of the 
WindoW sWitching instruction by said arithmetic operation 
unit, said control unit replaces data stored in said current 
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register With data held in said replacing bulfer, thereby 
storing data in the next resister WindoW, into Which the 
current register WindoW is sWitched under the WindoW 
sWitching instruction, in said current register. 

12. An information processing apparatus as set forth in 
claim 10, Wherein said arithmetic operation unit Writes result 
data, obtained after execution of the instruction, to said 
register ?le and said current register. 

13. An information processing apparatus as set forth in 
claim 10, Wherein said arithmetic operation unit concur 
rently Writes result data, obtained after execution of the 
instruction, to both said register ?le and said current register. 

14. An information processing apparatus as set forth in 
claim 10, Wherein, in said register ?le, the in-register of one 
of tWo adjacent register WindoWs and the out-register of the 
other of the tWo adjacent register WindoWs are provided as 
one common register. 

15. An information processing apparatus as set forth in 
claim 14, Wherein, if said arithmetic operation unit decodes 
the WindoW sWitching instruction, said control unit transfers, 
to said replacing bulfer, data stored in the local register of the 
register WindoW Which is speci?ed by the pointer Value and 
data stored in either one of the in-register or the out-register 
of the register WindoW Which is speci?ed by the pointer 
Value. 

16. An information processing apparatus as set forth in 
claim 14, Wherein, if said arithmetic operation unit com 
pletes execution of the WindoW sWitching instruction, said 
control unit transfers, from said replacing buffer to said 
current register, data stored in the local register of the 
register WindoW Which is speci?ed by the pointer Value and 
data stored in either the in-register or the out-register of the 
register WindoW Which is speci?ed by the pointer Value. 

17. An information processing apparatus, comprising: 

a plurality of register ?les Which have multiple register 
WindoWs each including plural WindoWs, said plural 
WindoWs being arranged in a ring-like form; 

a current WindoW pointer Which indicates the position of 
a current WindoW by using a pointer Value When access 
is performed to the register WindoWs; 

a current register Which reads data, stored in the current 
WindoW that is speci?ed by the pointer Value indicated 
by said current WindoW pointer, from said register ?le; 

a replacing buffer con?gured betWeen said register ?le 
and said current register, said replacing bulfer holding 
data of said WindoW Which is to be sent from said 
register ?le to said current register; 

an arithmetic operation unit Which executes a WindoW 
sWitching instruction for sWitching the WindoWs and an 
instruction relating to data stored in said current reg 
ister or data held in said replacing buffer; and 
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a control unit transferring, if at execution, by unit of said 
arithmetic operation unit, of a load pointer instruction 
for updating a pointer Value held by said current 
WindoW pointer, the pointer Value is updated, data of 
one register WindoW Which is speci?ed by the updated 
pointer Value, from said register ?le to said current 
register Via said replacing buffer. 

18. An information processing apparatus as set forth in 
claim 17, 

Wherein a WindoW of said register ?le is formed by a set 
of registers: an in-register; a local register; and an 
out-register, and a set of global registers Which are 
shared among said register WindoWs, and 

Wherein data of said one register WindoW, Which data is to 
be transferred from said register ?le to said replacing 
buffer or from said replacing buffer to said current 
register, is transferred in the folloWing order named: 
data relating to the global register, data relating to the 
out-register, data relating to the in-register, and data 
relating to the local register. 

19. A register ?le control method for an arithmetic pro 
cessor including: a register ?le having a plurality of register 
WindoWs arranged in a ring-like form, each said register 
WindoW being formed by a set of registers; a current WindoW 
pointer Which indicates the position of a current register 
WindoW by using a pointer Value; a current register Which 
reads data, stored in a register WindoW that is speci?ed by 
the pointer Value indicated by said current WindoW pointer, 
from said register ?le; and a replacing buffer for holding data 
Which is to be sent from said register ?le to said current 
register, said method comprising: 

executing a WindoW sWitching instruction for sWitching 
the register WindoWs and an instruction relating to data 
stored in said current register or data held in said 
replacing buffer, and 

transferring, if a WindoW sWitching instruction is decoded 
at execution of the WindoW sWitching instruction by 
said arithmetic operation unit, data in a register WindoW 
Which is to be speci?ed by said current WindoW pointer 
upon completion of execution of the WindoW sWitching 
instruction, to said replacing buffer. 

20. A register ?le control method as set forth in claim 19, 
further comprising: 

replacing, after completion of execution of the WindoW 
sWitching instruction by said arithmetic operation unit, 
data store in said current register With data held in said 
replacing bulfer, thereby storing data in the next resister 
WindoW, into Which the current register WindoW is 
sWitched under the WindoW sWitching instruction, in 
said current register. 

* * * * * 


